Objectives The neuropeptide oxytocin regulates milk let-down during breastfeeding and maternal behavior in mammals. Oxytocin has also been shown to reduce stress through inhibitory effects on hypothalamic-pituitary-adrenal (HPA) reactivity. However, it remains unknown whether and how infant cortisol levels are affected by breastfeeding and what role the oxytocin system plays in this process. In the current Adaptive Human Behavior and Physiology https://doi.study, we examined whether genetic variation in the oxytocin system impacts the cortisol response to breastfeeding in 84 mother-infant dyads. Methods Salivary cortisol was measured before and after a breastfeeding session. Mothers and infants were genotyped for a single-nucleotide polymorphism (SNP) in the CD38 gene (rs3796863). We compared between CC carriers and CA/AA carriers, as the CC genotype has been associated with reduced release of oxytocin and higher rates of autism in prior studies. Results Our results show that differences in infant and maternal cortisol responses to breastfeeding were associated with variation in maternal CD38. Specifically, CA/AA mothers displayed a significantly greater reduction in cortisol after breastfeeding than mothers with the CC genotype. Moreover, infants of CA/AA mothers showed significantly reduced cortisol levels after breastfeeding, as compared to infants of CC mothers.
Introduction
Stress has been linked to a wide range of mental health outcomes (Gunnar and Vazquez 2001; Lupien et al. 2009 ). It is crucial to examine what factors may impact the development of the stress response during the earliest stage of postnatal development, as it will foster a better understanding of how stress-related disorders come about and offer new avenues for treatment possibilities. To date, much work has focused on the development of the stress response in infancy and its link to the quality of maternal care (Albers et al. 2008; Francis and Meaney 1999; Haley and Stansbury 2003; Szyf et al. 2005) , and also on the role of oxytocin in reducing stress in adults (de Oliveira et al. 2012; Heinrichs et al. 2003; Linnen et al. 2012; Parker et al. 2005) . However, little is known as to whether and how maternal factors related to the oxytocin system affect the stress response in infancy. Breastfeeding is a prominent element of maternal care that is dependent on oxytocin (Lincoln and Paisley 1982) . Specifically, infant suckling induces a neural reflex in which afferent sensory fibers projecting directly into the hypothalamus initiate the release of oxytocin into the bloodstream; oxytocin then stimulates the contraction of myoepithelial cells to eject milk (Gimpl and Fahrenholz 2001) . A significant increase of plasma and salivary oxytocin during suckling occurs in both mothers and offspring (Amico et al. 1994; Dawood et al. 1981; Lupoli et al. 2001) . Critically, in line with the notion that oxytocin reduces stress (de Oliveira et al. 2012) , breastfeeding results in a strong reduction of hypothalamic-pituitary-adrenal (HPA) axis activity in mothers (for a review, see Heinrichs et al. 2002) , as reflected in a marked decrease in plasma adrenocorticotropic hormone (ACTH) and cortisol (Amico et al. 1994; Handlin et al. 2009; Nissen et al. 1996) . Furthermore, breastfeeding duration has been linked to a range of maternal outcomes such as lower perceived stress levels, reduced anxiety and depressive symptoms, stronger cardiac vagal tone modulation, reduced heart rate reactivity, blood pressure, and reduced HPA activity in response to psychosocial stress (Groër 2005; Hahn-Holbrook et al. 2011; Heinrichs et al. 2002; Jansen et al. 2008; Mezzacappa et al. 2005) .
Given the existing evidence demonstrating the anxiolytic influence of breastfeeding, the question emerges whether and how these processes seen in mothers may affect the stress response in their infants. While stress responses to breastfeeding have not been examined in human infants, breastfeeding experience has been shown to be associated with differences in infants' stress reactivity. Specifically, during the Strange Situation Procedure (Ainsworth et al. 1978) , in which the mother leaves her infant for a predefined time and is then reunited, it was shown that infants who were breastfed for longer durations displayed quicker cortisol reductions than infants who were breastfed for shorter durations (Beijers et al. 2013) .
There is a body of research indexing bio-behavioral synchrony or co-regulation between mothers and their infants, which is also reflected in synchronized (attuned) cortisol levels between mother and infant (see Feldman, 2012b for a review). This physiological co-regulation (adrenocortical attunement) is thought to be an outcome of extensive and close shared experiences between mother and child (Hibel et al. 2015) . It is possible that breastfeeding is one route through which adrenocortical attunement is instantiated. In this context it is important to note that maternal oxytocin and cortisol levels impact the levels of these hormones in the breast milk ingested by the infants (Peaker and Neville 1991; Takeda et al. 1986 ), thus providing a potential physiological mechanism as to how maternal hormone levels can impact infant stress responses. For example, when rat dams were injected with radioactively labeled oxytocin ( 3 Hoxytocin), stable traces of the same 3 H-oxytocin were found in the gastric contents and blood of offspring after suckling (Takeda et al. 1986 ). Moreover, a wealth of studies in non-human primates have demonstrated that maternal milk cortisol directly impacts behavioral phenotypes of offspring (for a review, see Hinde 2013) . Despite these studies demonstrating the transfer of maternal cortisol and oxytocin to offspring through suckling, the immediate impact of breastfeeding on these hormones in human infants is unknown.
When assessing cortisol responses, it is critical to consider variability in the oxytocin system that may contribute to differences in HPA activity. In particular, there is mounting evidence that there is natural genetic variation impacting the oxytocin system and that such genetic differences are associated with differences in cortisol reactivity during stress (Chen et al. 2011; Kumsta and Heinrichs 2013; Meyer-Lindenberg et al. 2011) , and with the sensitivity to exogenous oxytocin administration (Chen et al. 2015) . Therefore, another objective of the current study was to examine whether genetic variation related to the oxytocin system is related to differences in infant and maternal cortisol responses during breastfeeding. We focused our investigation on a singlenucleotide polymorphism (SNP) of the CD38 gene (rs3796863). CD38 is an ectoenzyme that mediates the release of oxytocin through its impact on calcium signaling within oxytocinergic neurons (Jin et al. 2007) . Evidence from mouse knockout models has shown that CD38 is critical for the display of oxytocin-linked behaviors, such as maternal care in females and social recognition in males. Moreover, knockout mice without CD38 show significantly reduced levels of oxytocin when measured in blood and brain (Jin et al. 2007) . In humans, the common SNP CD38 rs3796863 has been associated with differences in social functioning. Specifically, the CC genotype has been associated with lower levels of oxytocin, reduced sensitive parenting, impaired social memory, and reduced responsiveness to gratitude (Algoe and Way 2014; Feldman et al. 2012; Sauer et al. 2013; Sauer et al. 2012 ). Furthermore, the C allele is more common in autism spectrum disorder (ASD) than controls and is considered a risk allele for atypical social development (Lerer et al. 2010; Munesue et al. 2010) . Prior work has also shown that breastfeeding experience interacts with genetic variation at this locus to account for individual differences in infants' attention to emotional cues (Krol et al. 2015a ).
Based on the prior work reviewed above, we formulated the following main hypotheses. First, we predicted that maternal cortisol levels would reduce as a result of breastfeeding. Second, similar to what has been shown in breastfeeding mothers, we hypothesized that infants would show a similar reduction in cortisol levels after breastfeeding. Our third and critical hypothesis was that cortisol responses to breastfeeding would be differentially impacted by genetic variation of the CD38 gene. More specifically, we predicted that genotypes related to higher oxytocin levels (CA and AA genotypes) would be associated with a larger reduction in cortisol in response to breastfeeding. Considering that maternal hormonal levels are likely to impact the breast milk itself, we further predicted that genetic variation within the mothers may in fact have a greater impact on infants' cortisol responses than that of the infants' own oxytocin system.
Material and Methods
Participants The final sample consisted of 84 four-to-six-month-old infants (41 females, 43 males) and their mothers. Infants' ages ranged from 120 to 196 days (M = 147.90 days, SEM = 1.55), and mothers' ages ranged from 23 to 43 years (M = 31.57, SEM = 0.47). An additional 17 mother-infant dyads participated in this study: 16 were bottle-feeders, and one infant was fed mashed food before breastfeeding. The current study only included the dyads who breastfed during the feeding session (N = 84). This sample size is similar or larger than prior work investigating genetic association effects in infants (Grossmann et al. 2011; Grossmann et al. 2013 ) and adults (Algoe and Way 2014; Sauer et al. 2013 ). All infants were typically developing, had a normal birth weight (> 2500 g), were born full-term (37-41 weeks), and were of European descent. Current percentage of breastfed meals ranged from 42.86% to 100% (M = 92.08%, SEM = 1.50), with 65.50% of the sample still exclusively breastfeeding (100% breastfed meals). There was no known history of autism spectrum disorder neither in any of the participating mothers nor in any of the older siblings. 67 infants underwent standard vaginal deliveries and 17 were delivered via caesarean section. All mothers were still on maternity leave at the time of testing. Prior to participation in the study, infants' parents provided informed consent. All procedures were approved by the Leipzig University Medical School Ethics Committee, and were performed in accordance with the Declaration of Helsinki. Infants received a toy for participating, and parents were reimbursed for travel.
Procedure Mother-infant dyads were scheduled to arrive in the lab about an hour before a normal feeding time. They were instructed to abstain from eating or drinking anything apart from water thirty minutes prior to their appointment. Upon arrival to the lab, parents and infants were given time to acquaint themselves with their surroundings and the experimenter. The room was dimly lit with a couch and carpet to make the session as comfortable and relaxing as possible. During this time, the experimenter explained the session protocol in detail, and a consent form was read through and signed by a parent. The first saliva samples were collected immediately after consent was given (about five to ten minutes post-arrival). A timeline of the experimental procedure is depicted in Fig. 1 .
After collection of the baseline saliva samples for cortisol analyses (T-60-min prebreastfeeding), an additional saliva sample was acquired for genetic analyses (see Genotyping below). Mothers and infants then had relaxed free time until they were ready to feed. During this time, mothers filled out questionnaires and the experimenter quietly played with the infant. When mothers were ready to feed their infant, the second saliva sample for cortisol was taken (T-1-min pre-breastfeeding). The mothers were instructed to breastfeed as they normally do at home and to take as long as they needed. The experimenter left the room for the feeding session. Breastfeeding lasted an average of twelve minutes (range: 5-32 min). After feeding, the third (T + 1-min postbreastfeeding), fourth (T + 8-min post-breastfeeding), and fifth (T + 16-min postbreastfeeding) saliva samples were taken while the mother and infant were relaxed, either filling out questionnaires or quietly playing with the experimenter. Sample time points were selected based off of stress-induction studies in adults, which typically show that salivary cortisol peaks around +10-15 min post-stress (Chen et al. 2011; Klumbies et al. 2014) . Based on these studies, we expected peak effects to occur within a similar time frame. The average experimental session lasted a little over an hour (M = 1:06, SEM = 0:01). Although we requested arrival an hour before feeding, the mothers fed their infants as soon as the infants were hungry, which shortened the pre-feeding waiting time for some sessions. Note that variation in experimental session time occurred between baseline and feeding as well as during the feeding itself. Sessions were held most frequently in the late mornings due to typical infant feeding and sleeping schedules (i.e. arrival an hour before lunch and subsequent afternoon nap) (arrival time M = 11:09 AM, SEM = 11 min). Please note that healthy adults display a well-established diurnal rhythm of cortisol levels, characterized by a marked increase in cortisol immediately upon wakening followed by a slow and gradual reduction from about three hours after wakening through the evening (Edwards et al. 2001) . While this rhythm is more variable in infants (de Weerth et al. 2003) , we included arrival time as a covariate when necessary to account for any diurnal fluctuations (see Results).
Salivary Cortisol Saliva samples were collected from infants and their mothers at five time points across the experimental session (at T-60, T-1, T + 1, T + 8, and T + 16 min Fig. 1 Procedure timeline. Infant and maternal cortisol levels were measured at five time points across a breastfeeding session relative to breastfeeding) using commercially available devices (the Salimetrics Infant's Swab (Salimetrics, Suffolk, UK) and the Salivette (Sarstedt, Nümbrecht, Germany), respectively). Samples were stored in a − 80°C freezer after each experimental session and were later transported at room temperature for analysis. Cortisol levels were analyzed at the Technical University of Dresden, Germany, using luminescence immunoassay kits purchased from IBL International (Hamburg, Germany). The functional sensitivity of the assay was 0.011 (micro)g/dL. Inter-and intra-assay coefficients of variation were < 8%.
Genotyping Sponges were used to collect saliva from infants (CS-2 and OG-250 kits) and collection tubes were used to collect passive drool from mothers (OG-500 kit) from DNA Genotek, Ottawa, Canada. Samples were stored at room temperature prior to DNA extraction and SNP analysis, completed at the National University of Singapore. DNA was extracted using manufacturer's (DNA Genotek) purification protocol. Genotyping of CD38 rs3796863 was performed with a 5′-nuclease assay. Primers and probes were from Applied Biosystems (TaqMan® SNP Genotyping Assay). PCR was conducted with HotStarTaq Plus DNA polymerase and Q-solution (Qiagen, Venlo, Netherlands) in a Biorad C1000 instrument with CFX96 fluorescence reading module, with the following thermal protocol: denaturation at 95°C for five minutes; followed by cycling: 95°C for 15 s, 60°C for one minute; 45 times.
CD38 rs3796863 genotype frequencies of mothers and infants are displayed in Tables 1 and 2 . Frequencies are similar to those observed in other studies (Sauer et al. 2013; Sauer et al. 2012) , and no Mendelian inheritance inconsistencies were detected regarding transference of alleles from mothers to offspring. Hardy-Weinberg equilibrium was tested in mothers and infants separately; no deviations were detected (all p-values >0.05). The majority of studies relating the polymorphism rs3796863 (CD38) with aspects of social behavior and plasma oxytocin find differences between homozygous risk allele carriers (CC) and A carriers (CA/AA) (Algoe and Way 2014; Feldman et al. 2013; Feldman et al. 2012; Krol et al. 2015a; Sauer et al. 2013; Sauer et al. 2012 ). In keeping with prior studies, we conducted our analyses by grouping genotypes in the same manner (CC versus CA/AA).
Questionnaires A breastfeeding questionnaire was administered in order to assess feeding behavior of the mother-infant dyad (i.e. the duration of exclusive breastfeeding, percentage of breastfed meals per day), as well as general demographic questions regarding duration of maternity leave, parity, maternal education, and ethnicity. Details of this in-house questionnaire have been published elsewhere (Krol et al. 2014; In analyses CA and AA infants were grouped together et al. 2015a; Krol et al. 2015b) . A short form of the Social Support Questionnaire (SSQ6) was administered in order to gauge the amount of social support the mothers felt they had, as well as how satisfied they were with the support (Sarason et al. 1987) . The Parental Sense of Competence (PSOC) questionnaire assessed how knowledgeable and capable each mother felt with parenting (Johnston and Mash 1989) . Lastly, the Edinburgh Postnatal Depression Questionnaire (EPDS) was administered to each mother to detect potential signs of postpartum depression (Cox et al. 1987) .
Data Analysis In order to identify and rule out potentially confounding factors, analyses (one-way ANOVAs) were performed to uncover any differences between maternal and infant genotype groups with regard to the questionnaire and demographic data. These variables included all questionnaire measures (breastfeeding: current exposure and duration of exclusive breastfeeding, SSQ6, PSOC, and EPDS) as well as the time of arrival, feeding duration during the study, and demographic factors such as maternal age, infant age, years of maternal education, parity, number of caretakers, and current subjective stress level of the mother. As an additional analysis, average maternal and infant cortisol levels were correlated with aforementioned questionnaire and demographic factors to detect potential covariates to be included (and controlled for) in our main analyses. The results of these preliminary analyses are outlined below. Maternal CD38 groups did not significantly differ on any of the aforementioned demographic or questionnaire variables (all p-values >0.35). There was no difference with respect to the delivery method (vaginal birth versus caesarean section) between maternal genotype groups (χ 2 [1] = 1.20, p = 0.16) or infant CD38 genotype groups (χ 2 [1] = 0.54, p = 0.46). However, there were three variables that differed significantly between infant groups: feeding duration during the study (F[1, 82] = 7.30, p = 0.008), current breastfeeding exposure (F[1,82] = 6.35, p = 0.01), and maternal postpartum depression score (F[1,81] = 4.29, p = 0.04). Specifically, infants with the CC genotype fed a few minutes longer than CA/AA infants during the study, had a greater percentage of breastfed meals, and had mothers who scored higher on the Edinburgh Postnatal Depression Scale (see supplementary Table 1 ). We therefore included these three variables as covariates in our main analyses presented below.
Raw infant and maternal cortisol levels were not normally distributed and thus corrected by using log-transformation (raw maternal cortisol: Z skewness = 7.39, Z kurtosis = 13.59; raw infant cortisol: Z skewness = 5.27, Z kurtosis = 6.85). Log-transformed values were used in all analyses. Neither infant nor maternal cortisol levels were significantly correlated with any of the questionnaire or demographic factors (all p-values >0.10). However, as expected by what is already known about diurnal cortisol changes in adults (Edwards et al. 2001) , average maternal cortisol levels decreased with later Taken together, four potential confounds were controlled for by entering them as covariates in our main analyses. Specifically, in analyses in which: (a) maternal cortisol was a dependent variable, arrival time was included as a covariate, and (b) investigated effects of infant CD38 genotype, feeding duration, current breastfeeding exposure, and maternal postpartum depression (EPDS) score were included as covariates. In the analyses presented below, Greenhouse-Geisser results are reported when sphericity could not be assumed.
Results
Maternal Cortisol Response is Impacted by Maternal, but not Infant, CD38 Genotype In order to investigate the impact of maternal genotype on maternal cortisol levels during breastfeeding, a repeated-measures ANCOVA was conducted with sample time point (cortisol T-60 through T + 16) as the within-subjects factor, maternal CD38 genotype as the between-subjects factor, and arrival time as a covariate. Our analysis revealed a main effect of sample time point such that a general decrease in cortisol levels was observed in response to breastfeeding in all mothers, F(1.77, 132.34) = 4.23, p = 0.021. Additionally, we found an interaction between sample time point and CD38 genotype, F(1.77, 132.34) = 5.03, p = 0.01 (Fig. 2) . In order to explore this interaction, we calculated a difference score to quantify cortisol reactivity over time by taking levels at T + 16 (post-breastfeeding) and subtracting levels at T-60 (baseline). Thus, a difference score that is positive indexes an increase in cortisol across the breastfeeding session, while a difference score that is negative indexes a decrease in cortisol across the session. A univariate ANCOVA with this difference score as the dependent variable and maternal CD38 genotype as the between-subjects factor revealed that cortisol reduction across the breastfeeding session was significantly greater in CA/AA mothers than in CC mothers, F(1, 78) = 6.69, p = 0.01 (Fig. 3) . This suggests that mothers with genetically higher oxytocin levels had greater reductions of cortisol in response to breastfeeding (CA/AA: M = −0.28, SEM = 0.02) than those with genetically lower oxytocin (CC: M = −0.19, SEM = 0.02). Univariate ANCOVAs at each individual sample time point revealed that maternal CD38 genotype did not significantly impact cortisol levels at specific sample points (all p-values >0.15).
In order to explore the potential impact of infant CD38 genotype on maternal cortisol levels, a repeated-measures ANCOVA was conducted with sample time (T-60 through T + 16) as the within-subjects factor and infant CD38 genotype (CC vs. CA/AA) as the between-subjects factor. The interaction between infant CD38 genotype and sample time point was not significant (p > 0.077). There were also no main effects of the covariates feeding duration, current breastfeeding exposure, or postnatal depression score on maternal cortisol levels (all p-values >0.16).
Infant Cortisol Response is Impacted by Maternal, but not Infant, CD38
Genotype Consistent with the previous analyses of maternal cortisol responses, a repeated-measures ANCOVA was conducted with sample time point (cortisol T-60 through T + 16) as the within-subjects factor and maternal CD38 genotype as the between-subjects factor. A main effect of sample time point was present F(2.18, 126.54) = 3.60, p = 0.027, indexing a general increase from baseline. While no interaction between maternal CD38 genotype and sample time point was observed (p > 0.68), we decided to statistically explore potential differences between maternal genotype groups among infants in a follow-up analysis, because visual inspection of the cortisol response data suggested elevated levels of cortisol in infants of CC mothers (who showed elevated cortisol responses themselves as seen in the analysis of the maternal data detailed above). Using univariate ANCOVAs, this analysis revealed that Fig. 3 Maternal cortisol reduction across the breastfeeding session and maternal CD38 genotype. Graph depicts the change (reduction) in maternal cortisol levels across the breastfeeding session by maternal CD38 genotype. Means and standard errors reported are from the original analysis; **p < 0.01 maternal CD38 genotype significantly impacted infant cortisol levels post breastfeeding at T + 8 and T + 16, F(1, 78) = 4.17, p = 0.04 and F(1, 74) = 5.71, p = 0.02, respectively. Specifically, infants of CC genotype mothers had significantly higher cortisol levels after breastfeeding than infants with CA/AA mothers (Fig. 2 ). The addition of arrival time as a covariate in these analyses did not change our findings, and in fact strengthened them (T + 8: F (1, 77) = 5.05, p = .027; T + 16: F(1, 73) = 7.911, p = .006). Note that these significant comparisons would not survive conservative Bonferroni correction.
In order to explore the potential impact of infant CD38 genotype on infant cortisol levels, the same repeated-measures ANCOVA was conducted with sample time point (T-60 through T + 16) as the within-subjects factor and infant CD38 genotype (CC vs. CA/AA) as the between-subjects factor, including feeding duration, current breastfeeding exposure, and maternal postnatal depression as covariates. No significant main effects or interactions were observed for these variables or any of the covariates, all p-values >0.06. Univariate analyses revealed no group differences with regard to any specific sample time point, all p-values >0.15.
Maternal and Infant Cortisol
In order to investigate whether there was an association between maternal and infant cortisol levels, Pearson's correlations were performed. Average cortisol levels across the session did not significantly correlate between mothers and infants, r(83) = 0.14, p = 0.20. In addition, we examined whether there is a correlation between maternal cortisol levels and infant cortisol levels specifically after breastfeeding (sample time points: T + 1, T + 8, and T + 16), and whether any such correlation differs between maternal CD38 genotype groups. This was done because cortisol and oxytocin transfer from the mother to her infant through breast milk (Hinde 2013; Takeda et al. 1986 ), so maternal levels may predict infant levels after milk ingestion. As a whole, maternal and infant cortisol levels did not correlate after breastfeeding. Examining maternal CD38 groups separately suggests a marginal association between average cortisol levels within CC mothers and their infants, r(51) = 0.25, p = 0.08 but not for CA/AA mothers and their infants r(32) = −0.03, p = 0.43. Relevant data files have been deposited in the Center for Open Science digital repository (https://osf.io/g59tb/).
Discussion
This is the first study to examine how both infant and maternal cortisol levels are affected by breastfeeding and what role variation in CD38 plays in this process. In mothers, our results suggest that breastfeeding is linked to a general reduction in cortisol. It is important to note that time of day was included in this analysis, suggesting that the reduction in cortisol was present after taking diurnal changes into account. This reduction of cortisol levels in mothers confirms previous work that has also found a reduction in HPA activity during breastfeeding (Amico et al. 1994) , and may help inform the finding that breastfeeding mothers generally feel less stressed than bottlefeeding mothers (Groër 2005) , and that increased duration of breastfeeding is associated with lower HPA reactivity when faced with a stressful situation (Heinrichs et al. 2002) . With regard to infant cortisol levels, our hypothesis regarding a general reduction of cortisol was not confirmed. Instead, we observed a general increase in cortisol levels from baseline. In this context, it should be noted that in adults food intake has been shown to activate the HPA axis (Gibson et al. 1999) . It is thus possible that, in infants, breastfeeding is associated with a general increase in cortisol levels.
The current data further revealed that both maternal and infant cortisol levels were critically modulated by genetic variation in the maternal oxytocin system (CD38 rs3796863). Our results show that the degree to which cortisol levels decrease in response to breastfeeding is impacted by variation at the CD38 rs3796863 locus. Specifically, mothers with CA/AA genotypes exhibited a stronger decline of cortisol than mothers with the CC genotype. This suggests that mothers with lower endogenous oxytocin levels (CC genotype) may have more elevated cortisol levels after breastfeeding because they have less oxytocin available to reduce HPA activity. This is important because it indicates that mothers with genetically (endogenously) higher levels of oxytocin might be most sensitive to the reported anxiolytic effects of breastfeeding. It is also possible that mothers with genetically lower levels of oxytocin (CC genotype) might be more susceptible to stress. However, there are two limitations to this conjecture: first, it is not clear whether this effect generalizes to situations other than breastfeeding and second, we do not have direct evidence for reduced oxytocin levels in mothers with the CC genotype, because we did not directly measure oxytocin in the current study.
Our results further demonstrated that infants' cortisol responses were modulated by maternal CD38 genotype. In particular, we found that infants of mothers with the CC genotype exhibited higher levels of cortisol than infants of mothers with CA/AA genotypes eight minutes and sixteen minutes after breastfeeding. This indicates that variability within CD38 does not only impact the mothers' own but also her infants' cortisol response. It is thus possible that, through breastfeeding, genetic variation in the maternal oxytocin system is associated with an increased susceptibility to stress in both mothers and their infants.
It is important to mention that infant CD38 genotype was not associated with infant or maternal cortisol responses; the effects seen in response to breastfeeding were specifically related to the maternal CD38 genotype. Why infant CD38 genotype did not have an impact on infants' cortisol response remains unclear. However, it should be mentioned that in prior work with older infants (7 months of age), infant CD38 genotype has been shown to impact differences in infants' attention to emotional eyes as a function of duration of exclusive breastfeeding (Krol et al. 2015a ). This indicates that in a different context (emotion perception and exclusive breastfeeding duration) and at an older age (7 instead of 4-6 months of age) infant CD38 genotype has an effect on socio-emotional processes. Regardless, the current data show that it is genetic variation within the maternal oxytocin system that affects infants' stress physiology at this young age. This supports the general notion that maternal variables play an important role in regulating emotional (stress) responses in infants (Feldman 2012a) .
With respect to a potential link between maternal and infant cortisol responsiveness, we found no general association between maternal and infant cortisol levels. However, our data suggest a mild association between infant and maternal cortisol levels between infants and mothers with the CC genotype. These findings provide some evidence for adrenocortical attunement between mother and child, and may raise the possibility that, through breastfeeding, cortisol may transfer from the mother to the infant. This is a plausible scenario because previous work has shown that maternal hormones such as cortisol and oxytocin are: (1) stable in breast milk and (2) can be transferred to the gastric contents and blood plasma of the offspring upon suckling (Peaker and Neville 1991; Takeda et al. 1986 ). Indeed, a recent study compared breastfed infants and formula-fed infants and found a significant correlation in night cortisol levels between mothers and infants only for the breastfeeding dyads (Neelon et al. 2015) . Future work is needed in which cortisol and oxytocin levels are directly examined in breast milk and saliva to test this possibility.
Previous research has related breastfeeding with positive health, cognitive, and social outcomes in infants (Deoni et al. 2013; Isaacs et al. 2010; Krol et al. 2015b ). The current study provides evidence for one possible mechanism accounting for some of these effects, which is the regulation of HPA activity in infants through endogenous maternal oxytocin. In fact, our findings point towards a form of oxytocin-mediated coregulation of HPA activity (stress) between mothers and infants (Feldman 2012b) . Our results suggest that mothers with more endogenously available oxytocin (CA and AA genotypes) more effectively regulate (reduce) their own HPA activity and that of their infants in response to breastfeeding. Conversely, mothers with less endogenously available oxytocin (CC genotypes) less effectively regulate (reduce) their own HPA activity and that of their infants. It is possible that in the long-term with repeated breastfeeding over the course of infancy these genetic differences in the maternal oxytocin system might result in chronic differences in stress regulation patterns among mothers and their infants. Investigating long-term outcomes in stress regulation outside the breastfeeding context will also be of crucial importance to understand the clinical relevance of these genetic differences.
Breastfeeding is a highly complex process manifested in hormonal, tactile, and behavioral changes in both mother and infant, shaped by mammalian evolution. In the current study, as in most of the existing breastfeeding research with humans, this complexity makes it difficult to mechanistically identify what specific aspect of the breastfeeding process accounts for observed effects. Not only does breastfeeding depend upon the oxytocin system, but it also involves touch, warmth, and eye contact; all of which may contribute to the reported differences in cortisol levels. The current study is only a first step and future research is needed that extends these findings and identifies potential underlying mechanisms. Specifically, future work would benefit from comparing cortisol responses in infants and mothers during breastfeeding, bottle feeding, no feeding, and a condition with no mother-infant interaction. Moreover, it is possible that oral contraceptive use in mothers may have contributed to our findings as this has been shown to impact HPA activity (Kirschbaum et al. 1999) . Another limitation to improve upon in future research is that participants, depending on the time needed to complete consent forms, had only about five to ten minutes to acclimate to the laboratory environment. This may have resulted in increased stress levels at baseline. While this cannot account for the effects observed in the current study, future studies may benefit from a longer warm-up period in the laboratory, and perhaps the use of additional measurement points before and after breastfeeding to better map the cortisol responses.
In summary, the current study presents novel insights into how HPA reactivity to breastfeeding in infants and mothers is influenced by the maternal oxytocin system. The current findings provide support for the notion that the maternal oxytocin system may play a critical role in infant development and highlight the importance of extending this line of research with infants to the study of stress. The observed patterns of differential cortisol reactivity to breastfeeding depending on maternal CD38 genotype in infants provides: (a) foundational insights into the early development of the stress response and (b) will likely serve as a vital basis for inspiring future work looking at the long-term consequences of these individual differences.
